Background: Radical prostatectomy is associated with excellent long-term disease control for localized prostate cancer. Prior studies have suggested an increased risk of short-term complications among older men who underwent radical prostatectomy, but these studies did not adjust for comorbidity. Methods: We examined mortality and complications occurring within 30 days following radical prostatectomy among all 11 010 men who underwent this surgery in Ontario, Canada, between 1990 and 1999 using multivariable logistic regression modeling. We adjusted for comorbidity using two common comorbidity indices. Statistical tests were two-sided. Results: Overall, 53 men (0.5%) died, and 2246 (20.4%) had one or more complications within 30 days of radical prostatectomy. In models adjusted for comorbidity and year of surgery, age was associated with an increased risk of 30-day mortality (odds ratio = 2.04 per decade of age, 95% confidence interval [CI] = 1.23 to 3.39). However, the absolute 30-day mortality risk was low, even in older men, at 0.66% (95% CI = 0.2 to 1.1%) for men aged 70 -79 years. In adjusted models, age was associated with an increased risk of cardiac ( P trend <.001), respiratory ( P trend = .01), and miscellaneous medical ( P trend = .058) complications. Similarly, increasing comorbidity was associated with a higher risk of all categories of complications. Conclusions: Increasing comorbidity is a stronger predictor than age of almost all categories of early complications after radical prostatectomy. The risk of postoperative mortality after radical prostatectomy is relatively low for otherwise healthy older men up to age 79. [J Natl Cancer Inst 2005;97:1525 -32]
Prostate cancer is the most commonly diagnosed cancer in men and the third most common cause of cancer death in men ( 1 ) . Most patients have localized disease at the time of diagnosis that is potentially curable with radical prostatectomy or radiation therapy. In comparison with conservative management, where the cancer is followed without local therapy (i.e., surgery or radiation), radical prostatectomy is associated with lower disease-specifi c mortality, lower rates of local progression and development of metastases, and higher overall survival ( 2 ) .
Despite the impressive long-term outcomes with radical prostatectomy, less than 5% of men over age 70 with prostate cancer receive this treatment modality in Canada ( 3 ) . In one American study of men with clinically localized disease, those under age 60 years were 25 times more likely to receive radical prostatectomy than those aged 70 years or older ( 4 ) . In a recent survey, 69% of Canadian urologists and 53% of American urologists agreed with the statement that age 70 should be the upper age limit for radical prostatectomy ( 5 ) .
Two possible explanations for these differences in the rate of radical prostatectomy by age have been proposed. First, clinicians may believe that older men with prostate cancer are less likely to live as long as younger men and, therefore, are less likely to benefi t from aggressive treatment ( 6 ) . Second, radical prostatectomy is associated with substantial potential morbidity and mortality, and many clinicians consider older men to be at higher risk of surgery-associated short-and long-term complications ( 7 ) . Major long-term complications associated with radical prostatectomy include urinary and sexual dysfunction ( 8 ) . Shortterm, perioperative morbidities include cardiovascular complications (e.g., myocardial infarction, congestive heart failure, and arrhythmias), venous thromboembolism, rectal injury, and wound infection ( 9 ) . Several studies have demonstrated higher radical prostatectomy complication rates with increasing age ( 9 , 10 ) . Begg et al. studied complication rates among 11 522 men who underwent radical prostatectomy in the United States and reported that at least one postoperative com plication was experienced by 28%, 31%, and 35% of men aged 65 -69 years, 70 -74 years, and 75 years or older, respectively ( 10 ) . Major postoperative complications included cardiac (5.5% of patients), respiratory (11%), vascular (4.7%), wound-related or bleeding (2.6%), genitourinary (2.8%), miscellaneous medical (7.6%), and miscellaneous surgical (6.6%) complications ( 10 ) .
Published studies on complications following radical prostatectomy are limited by a lack of information on the interaction among age, comorbid conditions, and complication rates. However, increasing comorbidity has been shown to increase the risk of a variety of adverse postoperative outcomes of a variety of surgical procedures ( 11 , 12 ) . Indeed, in one of the few studies examining the impact of comorbidity on short-term complications, Begg et al. ( 10 ) demonstrated increasing 30-day mortality and postoperative complication rates with increasing comorbidity. However, the interaction between age and comorbidity was not examined.
As patients age, chronic comorbid illnesses become more common ( 13 ) . However, association between age and comorbidity is imperfect, and many older adults have few or no comorbid conditions. Knowing the independent contribution of age and comorbidity to major short-term complications of radical prostatectomy is important for at least two reasons.
First, it will better inform discussions between patients and their surgeons about the treatment of localized prostate cancer ( 14 ) . In particular, given the low utilization rates of radical prostatectomy in older men, it is important to obtain information about the relative safety or tolerability of radical prostatectomy in older men. Second, there is limited and sometimes confl icting information about which types of complications (e.g., cardiac, pulmonary) increase with age. Identifi cation of specifi c complications that increase with advanced age may suggest approaches to decreasing these complications, such as increasing the use of preoperative beta-blockers and anticoagulants to prevent cardiac ( 15 ) and thromboembolic ( 16 ) complications, respectively.
The objectives of this study were to examine the rates of mortality and major complications occurring within 30 days following radical prostatectomy among all men who underwent this surgery in Ontario, Canada, between 1990 and 1999. We used a large administrative database from the Ontario Cancer Registry (OCR) to derive complication rates adjusted for both age and comorbidity. In particular, we investigated whether the low use of radical prostatectomy in men aged 70 or older is justifi ed by the complication and/or mortality rates.
P ATIENTS AND M ETHODS

Study Design
This study was a retrospective cohort study of all patients diagnosed with incident prostate cancer between April 1, 1990, and March 31, 1999, in Ontario, Canada, who underwent radical prostatectomy. The data on the cohort were obtained from the OCR. Study approval was obtained from the research ethics board at the University Health Network. Given the anonymized nature of the data, the requirement for informed consent was waived.
The OCR is a comprehensive province-wide cancer database with case ascertainment rates in excess of 95% ( 17 , 18 ) . This passive cancer registry combines information from four major sources. First, discharge information is obtained from all hospital separations in every acute care hospital in Ontario for patients diagnosed with cancer. The discharge data include up to 16 diagnostic codes and eight procedure codes, and these served as our primary source of information on comorbidities and complications. Second, information on cancer diagnosis and treatment is obtained from the nine Regional Cancer Centers in Ontario ( including the Princess Margaret Hospital). All cancer patients undergoing radiation therapy and many of those receiving surgery or chemotherapy are seen at a Regional Cancer Center. Third, vital status information is obtained from both hospital discharge abstracts (in cases of in-hospital mortality) and from death certifi cate information from the Registrar General's offi ce (for any death in Ontario). Fourth, pathology reports are received from about 85% of acute care hospitals for cancer cases. We previously demonstrated 98% agreement between OCR data and detailed chart review for receipt of radical prostatectomy ( 19 ) . Vital status information in the OCR has been shown to be over 99% accurate ( 20 , 21 ) .
Complications
The major outcomes of interest were mortality and any complication that occurred within 30 days of radical prostatectomy.
We included complications that occurred during either the index hospital admission or in any other hospital admission within 30 days of the date of radical prostatectomy. To develop a comprehensive list of possible complications, we began with published complication lists compiled by Lu- Yao ( 22 ) and by Begg ( 10 ) . We used International Classifi cation of Disease 9th revision (ICD-9) diagnostic codes identical to those used by investigators in those prior studies. Procedure codes were matched to corresponding codes in the Canadian Classifi cation of Diagnostic, Therapeutic, and Surgical Procedures ( 23 ) .
The initial list of complications was supplemented by a comprehensive literature search to identify all studies examining short-term complications after radical prostatectomy. We used combinations of the following search terms: prostatic neoplasms, radical prostatectomy, intraoperative/in-hospital/perioperative/ postoperative complications, and mortality. We also searched surgical textbooks and published radical prostatectomy case series for potential complications. In addition, we reviewed the list of complications with three expert surgical oncologists to ensure that no possible complications had been missed. All complications were grouped into seven mutually exclusive categories ( 22 ) -cardiac, respiratory, vascular, wound/bleeding, genitourinary, miscellaneous medical, and miscellaneous surgical (lists of complications in each category are available at: http://jncicancer spectrum.oxfordjournals.org/jnci/content/vol97/issue20 .)
Comorbidity
Comorbidity was measured with two different approaches.
First, we measured overall comorbidity using two different comorbidity indices commonly used in health services research, the Charlson Index ( 24 ) and the Diagnosis Count ( 25 ) . [We used the Deyo modifi cation of the Charlson Index ( 11 ) .] Second, we adjusted for the presence of specifi c medical illnesses that can affect short-term mortality (e.g., coronary artery disease, diabetes), as has been suggested by others ( 26 ) . The following comorbid conditions were considered, based on a literature review of studies of postoperative complications after major surgical procedures: AIDS, anemia, cardiac disease (including prior myocardial infarction, other coronary artery disease, atrial fi brillation, and congestive heart failure), chronic obstructive pulmonary disease, connective tissue disease, dementia, diabetes, hypercholesterolemia, hypertension, liver disease, obesity, other malignancy, peptic ulcer disease, peripheral vascular disease, renal failure, and stroke (including transient ischemic attack).
Statistical Analyses
We fi rst generated unadjusted mortality and complication rates by age group (<60 years, 60 -69 years, and 70 -79 years). These age groups were chosen to ensure an adequate number of patients in each group as well as to facilitate comparison with published studies.
We examined 30-day mortality using logistic regression. Because there were few deaths within 30 days of radical prostatectomy, we designed our model-building strategy to examine predictors of mortality so as to avoid overfi tting ( 27 ) . We began with univariate logistic regression analyses of mortality (dependent variable) with comorbidity (defi ned by the Charlson Index, the Diagnosis Count, or the presence of individual comorbid conditions), year of surgery (1995 -1999 vs. 1990 -1994), and age as predictor variables. Age was modeled as a continuous variable using both single-order and higher-order polynomials. A multivariable model was created by including all predictor variables that were statistically signifi cant ( P <.10) in univariate regression models.
Our model-building strategy for complications was slightly different from that for mortality because the larger number of outcomes allowed the use of more complex multivariable models. Each category of complications was modeled separately using logistic regression. For each set of models, patients who did not have a complication in that category (e.g., cardiac) were grouped together, whether they had a complication in another category. To minimize biases associated with stepwise selection strategies ( 28 ) , we included all predictor variables that were of interest in our initial models. Predictor variables were removed from the models only if there were too few observations to allow an estimate of the odds ratio (OR) for that variable, as was the case with several of the rarer comorbid conditions. To minimize assumptions about relationships (e.g., linear) between outcome and predictor variables, age, both comorbidity indices and year of surgery were modeled as categorical variables. We compared models containing the Charlson Index with models containing either the Diagnosis Count or individual comorbidity diagnoses to avoid doublecounting of conditions contained within the Charlson Index. Because the models were not nested, those with the best discriminatory ability were identifi ed using the c-statistic, which is equivalent to the area under the receiver operating characteristic curve ( 29 ) .
To examine the relationship between increasing age and probability of complications, we used the multivariable regression models with the best discriminatory ability for each complication to generate graphs of the predicted probability of each complication as a function of age among subjects with no comorbidity. Similar graphs were generated for comorbidity -complication relationships for subjects aged 60 -69 years. Finally, to examine the interactions among age, comorbidity, and complications, we generated graphs for any complication for subjects in all possible age and comorbidity groups.
Goodness-of-fi t testing for all logistic models was performed using the Hosmer-Lemeshow statistic ( 30 ) . Model discrimination was assessed using the c-statistic. Interaction terms were included for key predictor variables (i.e., age and comorbidity index). Because of sample size restrictions, tests for interaction were not performed for mortality models. P values of .05 were considered statistically signifi cant. All analyses were performed using SAS version 8.12 (SAS Corporation, Cary, NC), and all statistical tests were two-sided.
R ESULTS
Over the 10-year study period, 11 010 men (mean age = 62.6 years) underwent radical prostatectomy in the province of Ontario. Of these men, 2.6%, 26.5%, 59.8%, 10.2%, and 0.9% were less than 50 years, 50 -59, 60 -69, 70 -74, and 75 years or older, respectively. Patients were generally healthy; the most common serious comorbid conditions were hypertension (13.3%), cardiac disease (6.7%), anemia (6.0%), diabetes (5.1%), and chronic obstructive pulmonary disease (4.5%). Only seven patients age 80 or older underwent radical prostatectomy, and these subjects were excluded from subsequent analyses.
Thirty-Day Mortality
Overall, 53 patients (0.48%) died within 30 days of radical prostatectomy. There was a monotonic increase in crude 30-day mortality with age, from 0.19% (95% confi dence interval [CI] = 0.02% to 0.30%) for men under age 60 to 0.66% (95% CI = 0.2% to 1.1%) for men aged 70 to 79 years ( Table 1 ) . In univariate analyses, increasing age, Charlson score, Diagnosis Count, or the presence of cardiac disease, hypertension, or stroke was statistically signifi cantly associated with higher 30-day mortality after surgery ( Table 2 ). Having surgery in 1995 -1999 was associated with a lower mortality risk than having surgery in 1990 -1994. In multivariable analyses, the model with the best discriminatory ability included age, year of surgery, cardiovascular disease, and stroke (c-statistic = 0.69) ( Table 2 ). Even after adjusting for comorbidity and year of surgery, increasing age continued to be associated with a statistically signifi cant increase in 30-day mortality (OR = 2.04 per decade of age; 95% CI = 1.22 to 3.39). However, the absolute risk of 30-day mortality remained relatively low; for a 75-year-old man with no comorbidities, the predicted 30-day mortality was 0.74% (data not shown). There was no evidence for a nonlinear effect of age on 30-day mortality (data not shown). There was also no 5-year interval between ages 50 and 79 for which the risk of 30-day mortality did not rise with increasing age (data not shown).
Complications
Among the total cohort, 2246 men (20.4%) had at least one complication within 30 days of radical prostatectomy. Complication rates by category for all 11 010 men are shown in Table 1 . In univariate analyses, increasing age was associated with increased risks of cardiac ( P trend <.001), respiratory ( P trend = .048), vascular ( P trend <.001), genitourinary ( P trend = .001), and miscellaneous medical ( P trend <.001) complications, but age was not associated with wound/bleeding or miscellaneous surgical complications.
Increasing comorbidity was associated with increasing rates of complications in every category (data not shown). In multivariable logistic regression models, increasing age was associated with higher risks of cardiac ( P trend <.001), respiratory ( P trend = .01), and miscellaneous medical ( P trend = .058) complications, after adjusting for comorbidity and year of surgery and with lower risks of miscellaneous surgical complications ( P trend = .042) ( Table 3 ). No consistent relationship between age and the risk of developing vascular, wound/bleeding, or genitourinary complications was observed ( Fig. 1, A ). An increasing number of comorbid conditions, adjusted for age and year of surgery, was associated with an increased risk of each category of complications ( Table 3 ; Fig. 1, B ) . The combined infl uence of age and comorbidity for every complication category is shown in Fig. 2 . In general, the increase in complication rate was higher for each increment in Diagnosis Count than it was for each increment of age.
To assess the overall performance of each model, we examined model discrimination using the c-statistic. Model discrimination was fair to good, with the c-statistic ranging from 0.67 (genitourinary complications) to 0.76 (miscellaneous surgical complications). The most consistent relationship between individual comorbidities and category of complications was noted for cardiac diseases and cardiac complications (data not shown). Complication rates declined slightly with later year of surgery for vascular, genitourinary, and miscellaneous surgical complications, increased slightly with later year of surgery for wound/bleeding complications, and did not change for other categories of complications (data not shown).
D ISCUSSION
There were three major fi ndings in this study. First, we observed a small but statistically signifi cant increase in 30-day mortality with increasing age among men undergoing radical prostatectomy between 1990 and 1999, even after adjusting for comorbidity. Second, increasing age was statistically significantly associated with increased risks of cardiac, respiratory, and miscellaneous medical complications and decreased risks of miscellaneous surgical complications within 30 days of radical prostatectomy. Third, increasing comorbidity was associated with increased risks of 30-day mortality and of every category of complications, independent of increasing age.
Several previous studies have reported age-stratifi ed 30-day mortality rates after radical prostatectomy ( 9 , 10 , 22 , 31 -35 ) . In general, these studies have demonstrated an increasing 30-day mortality rate with increasing age. However, only two studies included men under age 65 ( 33 , 34 ) . One study reported an increasing 30-day mortality rate with increasing age ( 33 ) , whereas the other study found no relationship between 30-day mortality and age ( 34 ) . In the only study to examine the relationship between comorbidity and 30-day mortality, risk of mortality increased with increasing comorbidity ( 10 ) .
Our study is the fi rst, to our knowledge, to examine the relationship between age and 30-day mortality following radical prostatectomy after adjusting for comorbidity. The small increase in comorbidity-adjusted 30-day mortality with increasing age that we observed was equivalent to approximately a twofold increase in absolute risk per decade of age. How clinically important is this increase in risk? The 30-day mortality associated with radical prostatectomy has been decreasing over time ( 33 , 34 ) , and it remains low relative to that associated with other major surgeries in older adults ( 36 , 37 ) . In a decision analysis examining the optimal treatment of clinically localized prostate cancer, we found that radical prostatectomy was the preferred treatment option for otherwise healthy men up to age 75 with Gleason 5 -7 or Gleason 8 -10 tumors and that varying the probability of 30-day mortality after radical prostatectomy from 0.5% to 2% did not change the preferred treatment option ( 38 ) . In other words, the range of probabilities of dying within 30 days observed in the current study (0.66% for men ages 70 -79, 95% CI = 0.2% to 1.1%) would not alter the decision of whether to undergo surgery. Thus, for clinicians making recommendations about radical prostatectomy, the presence of specifi c comorbid medical conditions, particularly cardiovascular disease or stroke, both of which are associated with changes in both short-and long-term mortality, may be more important than age.
We found a 20% overall incidence of postoperative complications after radical prostatectomy, which is slightly lower than the range of 28% -30% reported in three large series ( 10 , 22 , 39 ) . Several studies have also reported complication rates as a function of age ( 9 , 10 , 34 , 40 ) , and the three studies that examined the total rate of complications reported a positive relationship with age ( 9 , 10 , 40 ) . By contrast, the relationship between age and specifi c categories of complications is less clear ( 9 , 34 ) . Lu-Yao et al. reported an increase in cardiopulmonary complications and in the need for surgical repairs of peri-or postoperative complications with increasing age but no relationship with vascular complications ( 9 ) , whereas Wilt et al. found no relationship between age and the occurrence of cardiopulmonary complications, vascular complications, or colorectal injuries ( 34 ) .
However, none of the above studies adjusted for the presence of comorbidity, even though comorbid medical illnesses have previously been shown to have a substantial impact on short-term outcomes after surgery, including radical prostatectomy ( 41 ) . * OR = odds ratio; CI = confi dence interval; COPD = chronic obstructive pulmonary disease.
† The following comorbid conditions were found in too few patients to permit meaningful multivariable analyses: AIDS, connective tissue disease, dementia, hypercholesterolemia, liver disease, peripheral vascular disease, and renal failure. The fi nal model included all variables listed in one regression model. ‡ Year of surgery was dichotomized into 1995 -1999 vs. 1990 -1994. Indeed, we demonstrated statistically signifi cant associations between number of comorbid conditions and each category of complications. Moreover, after adjustment for the presence of comorbidity, age was no longer statistically signifi cantly associated with an increased risk in four of seven categories of complications. Because prior studies did not adjust for comorbidity, they may have overestimated the association of increasing age on the occurrence of certain complications. Our fi ndings have important clinical implications. Advancing age was primarily associated with an increased risk of cardiac complications and, to a lesser extent, with a higher risk of respiratory and miscellaneous medical complications. The strong association between increasing age and cardiac complications argues for both more careful preoperative evaluation of older men for the presence of subclinical cardiovascular disease and, for men who are selected for surgery, aggressive perioperative management in an effort to minimize cardiovascular complications. This management may include judicious use of perioperative betablockers, which have been associated with statistically signifi cant reductions in cardiovascular morbidity and mortality in other surgical settings ( 15 ) . How often men who undergo radical prostatectomy receive perioperative beta-blockers is currently unknown.
There are several limitations to our study. It is likely that men with serious comorbidities are underrepresented in our data set because these men are less likely to be offered and probably less willing to undergo radical prostatectomy than are healthier men. Thus, our results likely underestimate the risks of radical prostatectomy in men of any age with serious comorbidities. Additionally, the small number of observed deaths within 30 days of radical prostatectomy may have limited our ability to fully capture relationships among age, comorbidity, and mortality. As is the case for other administrative data sources, complications are probably underreported in the OCR, particularly those that are not life threatening, which may be more common in older adults than in younger adults. Better reporting of all complications may strengthen the relationship between age and some types of complications. In addition, for data privacy reasons, we did not have access to hospital and surgeon variables and were therefore unable to adjust for the number of surgeries performed in each hospital or by each surgeon. However, although several studies have demonstrated a relationship between number of surgeries performed and complication rates (including mortality) ( 10 , 35 , 40 , 42 ) , adjusting for surgical volume did not negate the relationship between increasing age and complications in those studies, and such adjustment would probably not have affected the associations that we observed. Finally, our study did not address rates of long-term complications such as incontinence and erectile dysfunction, which may be affected by increasing age but are not accurately captured in administrative databases.
There are also several strengths to our study. The OCR includes men of all ages and data on patients treated at any of the acute care hospitals across Ontario who underwent radical prostatectomy, allowing a detailed assessment of the impact of age across the usual spectrum of patients who undergo surgery. By contrast, most prior series have examined Medicare claims and therefore have been restricted to examining men age 65 or older. In addition, we were able to include the initial as well as any subsequent hospital admissions that occurred within 30 days of surgery, allowing us to accurately capture outcomes that might occur after initial discharge. The relatively large sample size in this study afforded the opportunity to more precisely examine the relationship between age and various postoperative events than did previous studies. Additionally, we obtained detailed information on the effect of age and comorbidity by category of complication. In summary, increasing age was associated with an increased risk of mortality within 30 days of radical prostatectomy after adjusting for the presence of comorbidity. However, the absolute mortality risk remained fairly small, even in otherwise healthy men 70 -79 years of age. Increasing age was also primarily associated with an increased risk of cardiac complications, whereas increasing comorbidity was associated with a higher risk of mortality and every category of complications. We conclude that radical prostatectomy was fairly safe for otherwise healthy older men up to at least age 79 years. Further research should examine the utility of detailed preoperative assessment of older men considering radical prostatectomy and interventions designed to reduce the risk of major complications in older men undergoing radical prostatectomy.
